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Several Congressional bills and a pending EPA regulation would significantly cut 
mercury emissions from power plants, so as to reduce mercury-related neurological 
effects among children. There is, however, no estimate of the number of cases of 
neurological deficiencies that might be avoided by such emissions cuts. To inform 
policymakers, we develop estimates of the annual number of cases of 
neurodevelopmental effects among children in the United States, based on existing 
estimates of the exposure and dose-response relationships for prenatal exposure to 
methylmercury. Using data on emissions and deposition, we show that eliminating 
mercury emissions from U.S. power plants would prevent on the order of 10,000 cases of 




Health Risks From Mercury-Contaminated Fish: 
A Reassessment 
 





Mercury in the environment has provoked substantial concern because an organic 
form, methylmercury (MeHg), accumulates in fish and can cause subtle neurological 
deficiencies in children exposed in utero.
1 Six Congressional bills and a pending EPA 
regulation would significantly reduce mercury emissions from power plants, but there is 
no estimate of the number of cases of neurological deficiencies that might be avoided by 
such emissions cuts.  
In this paper we present available evidence on exposure and assess 
neurodevelopmental and cardiovascular effects. We develop numerical estimates of the 
annual number of cases of neurodevelopmental effects and the reductions in the number 
of such cases that might result from eliminating U.S. utility emissions. Finally, we 
recommend further areas of research. 
 
2. Existing Risk Assessments 
The only assessment of population risks from mercury is for neurodevelopmental 
effects.
2 The National Research Council (NRC) estimated that “60,000 newborns 
annually might be at risk for adverse neurodevelopmental effects from in utero exposure 
to methylmercury...”
3 The NRC derived its estimate as the product of the number of 
female fish-consumers in the United States aged 15 to 44 years, five percent (thought to 
correspond to those consuming more than 100g/day of fish) and the birth rate.
4 This 
estimate represents the number of children born to mothers who may be exposed to 
mercury at levels exceeding the current reference dose of 0.1 mg per kg body weight per 
                                                        
1 See National Research Council (2000). 
2 See National Research Council (2000, p. 326). 
3 See National Research Council (2000, p. 325). A letter from Professor Robert A. Goyer, who chaired the 
NRC committee, to Joseph A. Levitt of the Food and Drug Administration more fully explains the meaning 
of the NRC statement. See Goyer (2000).  




5 The NRC’s committee chair Robert Goyer cautioned that “That number should not 
be interpreted as an estimate of the annual number of cases of adverse 
neurodevelopmental effects.”
6  
As an alternative, we here derive estimates of the annual number of cases of 
neurodevelopmental effects using estimates of mercury in the hair of U.S. residents and 
estimates of the health response to different doses measured in this way. To inform 
policymakers, we develop rough estimates of the reduction in the number of cases that 
might result from eliminating mercury emissions from power plants, using data on 
deposition and emissions.  
 
3. Human Exposure  
 The Centers for Disease Control have just reported new data on blood and hair 
levels in young children and women of childbearing age, based on the nationally 
representative 1999 National Health and Nutrition Examination Survey (NHANES).
7 The 
90
th percentile of hair mercury for 702 women was 1.4 parts per million (ppm), an 
estimate in line with earlier surveys of hair mercury levels in non-random samples of 
U.S. residents.
8 The study reports “approximately 10 percent of women have mercury 
levels within one tenth of potentially hazardous levels indicating a narrow margin of 
safety for some women and supporting efforts to reduce methyl mercury exposure.” 
9  
While nationally representative, the NHANES data are of limited value for two 
reasons. First, the report presents the estimated 90
th percentile (and a confidence interval), 
but no other points in the upper tail of the distribution. The report cautions that NHANES 
cannot provide estimates of mercury exposure in certain highly exposed groups such as 
subsistence fisherman and others who eat large amounts of fish. The report does not 
present the geometric mean and the geometric standard deviation, from which the tail 
might be estimated, because too many women had hair mercury levels below the 
detection limit. Second, the report is silent on the relationship between mercury levels 
                                                        
5 See Goyer (2000). The reference dose is defined as “an estimate of a daily exposure to the human 
population (including sensitive subpopulations) that is likely to be without a risk of adverse effects when 
experienced over a lifetime.” See National Research Council (2000, 2). 
6 See Goyer (2000). 
7 See Center for Food Safety and Applied Nutrition et al. (2001). 
8 For a discussion see National Research Council (2000, p. 324).  
9 See Center for Food Safety and Applied Nutrition et al. (2001, p. 140).  
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and fish consumption. Such data will become available after two additional years of 
NHANES data collection, according to an editorial note accompanying the report.
10 
Without data linking exposure to fish consumption, we cannot estimate the reduction in 
exposure that might result from reduced contamination of fish.  
We turn, therefore to three earlier non-random surveys of U.S. residents, after first 
assessing differences among these surveys. If assumed to be representative of the U.S. 
population, these surveys give estimates of the numbers of women with high mercury 
levels that appear to be reasonably comparable to those from the new NHANES data (see 
table 1). In particular, the new NHANES survey results indicate that the confidence 
interval for the 90th percentile includes estimates of the 90th percentile from the earlier 
surveys by Smith et al. (1997), and by Stern et al. (1996). For the Stern study, we 
estimate the number of newborns that may be born to mothers with mercury levels in hair 
between 1 ppm and 2 ppm, between 2 ppm and 4 ppm, and more than 4 ppm. For the 
survey by Pellizzari et al. we have inadequate data to calculate the population exposed to 
high levels of mercury. For the survey by Smith et al., we estimate the populations of 
children born to fish-consumers and non-fish-consumers exposed at given levels.
11  
We assume the distribution of mercury in hair in the absence of contaminated fish 
would be the same as for people who said they consumed no fish.
12 Our only information 
about these distributions is Smith et al., who indicate that geometric means for the 
respondents reporting some seafood consumption and no seafood consumption are 0.36 
                                                        
10 See Center for Food Safety and Applied Nutrition (2001, p. 141).  
11 Only Smith and colleagues (1997) report concentrations of MeHg per se; the studies by Stern and 
colleagues (1996, 2001) and Pellizzari (1999) instead report concentrations of total mercury. Stern and 
colleagues report that total mercury is a good surrogate for MeHg in fish-consuming populations, because 
MeHg represented 81 percent of total Hg in women with total mercury levels greater than 0.3 ppm among 
seventeen that they considered. While the NRC recently concluded that the use of total hair Hg as a proxy 
for MeHg should not lead to “significant exposure misclassification” [see National Research Council 
(2000, p. 97).], we note that there is no direct evidence about what share of total mercury is MeHg in U.S. 
populations with relatively high hair mercury levels.  
12 See Smith et al. (1997). The respondents to the survey recorded “detailed monthly seafood consumption 
diaries at three month intervals” (p. 477). Understatement of fish consumption by individuals who rarely 
consume fish and neglect to mention it in the diary is possible but may be small. Four individuals who 
reported consuming no fish on four diaries spanning an entire year had a mean hair level (0.23 ppm) similar 
to that of individuals who submitted only one negative diary (0.27ppm) (p. 479). Our method presumes that 
the difference in hair methylmercury concentrations between women who acknowledge eating fish and 
those who report no fish consumption is attributable to differences in exposure to mercury in fish (see p. 
479 for discussion). Stern’s data cannot support estimates of the distribution of mercury in hair among non-
fish eaters because only 8 percent of respondents reported consuming no fish and mercury levels in hair 
correlated only weakly with fish consumption (r = .18, p = .02); see Stern et al. (2001, p. 7).  
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ppm and 0.24 ppm respectively, while the geometric standard deviations are 2.5 ppm and 
2.6 ppm respectively.
13 We calculate the probabilities that a member of each group has a 
mercury hair content of between 1 ppm and 2 ppm, between 2 ppm and 4 ppm, and 
greater than 4 ppm. Multiplying the difference in these probabilities by the population of 
fish-eating mothers of newborns gives estimates of the decline in the numbers of 
newborns who each year face such exposures, if all pregnant women were to stop eating 
fish with any mercury. Our estimates of declines in the exposed population are 100,000 
people for levels of exposure from 1 ppm to 2 ppm, 31,000 people from 2 ppm to 4 ppm, 
and 6,000 people greater than 4 ppm. We also derive different estimates (120,000, 
24,000, and 31,000 respectively) by assuming that the percentage decline in exposure 
from eliminating fish consumption in the Smith et al. survey can be applied to the Stern 
data. Finally, we estimate the average exposure among people in the three exposure 
categories by using distributions of mercury hair content reported by Smith et al. (see 
table 2).  
 
4. Neurodevelopmental Effects 
Careful epidemiological studies of children exposed in utero to MeHg have very 
different implications. A study of children in the Seychelles Islands found no association 
between MeHg and a variety of health effects.
14 But similar studies of children in the 
Faroe Islands and in New Zealand reported associations between measures of prenatal 
exposure and measures of language, attention and memory, as well as reading and 
cognition.
15 In evaluating these studies the NRC reported that there “do not appear to be 
any serious flaws in [their] design and conduct.”
16  
We estimate the health effects attributable to MeHg exposure in the United States 
using the Faroe Islands study preferred by the NRC, although the Seychelles study 
reported no associations between prenatal exposure to MeHg and neurological 
development. The Faroe Islands study found statistically significant associations in the 
domains of language, attention, memory and, to a lesser extent, visuospatial and motor 
                                                        
13 See Smith et al. (1997, Table 1).  
14 See e.g., Crump et al. (2000), Myers et al. (2000), and Axtell et al. (2000). 
15 See e.g., Crump, et al. (1998, p. 707). 
16 See National Research Council (2000, p. 6).  
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functions, but not broader measures of performance.
17 We also use the New Zealand 
study, which differs from the Faroe Island study by using summary measures of 
neurological performance.
18  
Inferring changes in health effects requires a dose-response relationship. 
Grandjean et al. estimate such relationships using logarithmic transformations of mercury 
concentrations observed in the Faroe Islands.
19 They present the results as a change in the 
neuropsychological test performance (expressed as a standard deviation of that 
performance) for a doubling of mercury exposure.
20 Given their results, we can calculate 
the changes in test scores expected to result from declines in mercury hair content from 
1.5 ppm, 2.8 ppm and 5.4 ppm respectively to 1 ppm, assuming that reductions in 
mercury concentrations below 1 ppm have negligible effects.
21 These subtle and hard-to-
discern improvements in children’s health, which we present in table 2, are the result of a 
hypothetical complete elimination of mercury from fish consumed by pregnant women.  
Crump and colleagues, using data from New Zealand children, report dose-
response relationships for broader measures of neurological performance.
22 They 
generally do not find statistically significant associations between mercury and children’s 
test scores, although this result is influenced by a single child whose mother’s mercury 
hair level is more than four times greater than that of any other mother. When data on that 
child is omitted from the analysis, scores on six different tests are significantly associated 
with maternal mercury hair content. For one of these tests, the McCarthy scale of 
perceptual performance, the authors present a regression coefficient of -0.5.
23 For five 
                                                        
17 See Grandjean et al. (1997). 
18 See Crump et al. (1998). 
19 See Grandjean et al. (1999, p. 302). 
20 See Grandjean et al. (1999, p. 303). One potential difficulty with these estimates￿possible confounding 
by another contaminant￿may be resolved. Polychlorinated biphenyls (PCBs) occurred in high 
concentrations in the seafood that was contaminated with mercury and have been associated with 
neurotoxic effects in children and in animals. Budtz-Jørgensen et al. (1999) assess, however, how the 
presence of PCBs may affect the estimates of the association of health effects with mercury. Their analyses 
“do not suggest that the mercury effect can be explained by concomitant PCB exposure or that PCB 
exposure results in an increased mercury-associated effect.” (p. A237). 
21 Grandjean et al. (1999) report the estimated declines in various performance tests from a doubling of 
mercury concentrations. If dy=b dln(Hg), where y denotes test results, Hg denotes mercury concentrations, 
and b denotes the slope of the dose-response relationship, then for a doubling of mercury, b=dy /0.7. To 
calculate dy for the various health effects we assume the dln(Hg) implies by our three exposure categories.  
22 See Crump et al. (1998). 
23 See Crump et al. (1998, Table III). The McCarthy scales provide five tests of intelligence used by Crump 
et al.: verbal, perceptual, quantitative, memory, and general cognitive. For three tests, Crump et al. found  
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other tests, which include reading and grammar, the authors report the level of statistical 
significance but not other aspects of the regressions, and we cannot therefore use these 
relationships in our quantitative analysis.
24 In table 2 we present our estimates of the 
change in the McCarthy scale of perceptual performance resulting from the hypothetical 
complete elimination of mercury in fish consumed by pregnant women.
25  
Before turning to other health endpoints, we briefly discuss key limitations of the 
estimates we present in table 2.  
• The estimates of changes in McCarthy scale perceptual performance are biased 
upwards because the underlying dose-response relationship decreases by two- 
thirds and is statistically insignificant if one highly exposed child is included in 
the analysis. Also, the Seychelles study reported a much smaller and statistically 
insignificant regression coefficient of -0.057 (with a standard error of 0.1) for the 
effect of maternal mercury in hair on the McCarthy scale general cognitive 
measure of performance.
26  
• All other estimates in table 2 rely on an assumption likely to overestimate health 
effects: that they vary linearly with the logarithm of mercury concentrations. This 
functional form implies the health benefits of lowering maternal mercury hair 
content from 2.0 ppm to 1.0 ppm are the same as a reduction in mercury from 20 
ppm to 10 ppm. The biological implausibility of this assumption has led other 
researchers to estimate dose-response relationships that avoid this property,
 27 and 
the NRC to recommend using other models.
28 Unfortunately Grandjean et al. have 
not reported other dose-response relationships.  
• The health effects estimated using the Faroe Islands data may depend in part on 
unique patterns of exposure, which came “mainly” from opportunistic 
                                                                                                                                                                     
no statistically significant association with mercury. For the perceptual and general cognitive tests, Crump 
et al. reported associations that were statistically significant (1998, Table I, and p. 707). The New Zealand 
study administered 26 different tests to children (1998, p. 702).  
24 See Crump et al. (1998, p. 707). 
25 For the different exposure categories these are declines in hair mercury levels from 1.5 ppm, 2.8 ppm and 
5.4 ppm respectively to 1 ppm. For a description of the import of McCarthy scale results, see Massoth 
(1985). 
26 See Davidson et al. (1998, Table 3). 
27 See Crump (1995) and Crump et al. (2000, p. 261).  
28 See National Research Council (2000, p. 300).  
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consumption of whale meat that may have temporarily raised hair mercury levels 
above 8 ppm, more than twice typical levels.
29  
• The tests of statistical significance that form the basis for selecting the 
relationships presented in table 4 are inappropriate for that purpose. An 
investigation of twenty possible associations should on average find one that is 
statistically significant at the 95 percent confidence level, even when all twenty of 
the relationships are in fact entirely random. The New Zealand and Faroe Island 
studies examined many associations but did not adjust confidence intervals for the 
large number of tests. Thus, one or more of the associations reported to be 
statistically significant may well be spurious. 
 
5. Cardiovascular Effects 
A 1995 epidemiological study has linked mercury to heart attack risks. Salonen et 
al. studied 1,833 Eastern Finnish men aged 42 to 60 years who were free of clinical 
coronary heart disease, stroke, claudification and cancer and found that exposure to high 
levels of mercury is associated with elevated risks of heart attacks and death.
30 The men 
in the five-year follow up study had an average hair mercury level of 1.92 ppm, a level 
much greater than average values reported for the United States but less than levels 
reported in the studies of effects in children. The authors estimate that subjects with hair 
mercury content greater than 2 ppm had risk of acute myocardial infarctions about 70 
percent (confidence interval from 3 to 176) greater than subjects with lower hair mercury 
content.
31 They also report that the risk of death for the men with hair mercury content 
greater than 2 ppm was 93 percent (20 to 210) higher than the risk among men with hair 
mercury levels below 2 ppm.
32  
There are several reasons for skepticism about the results of this study.
33 First, it 
has not been independently replicated in other samples, so the results may reflect 
                                                        
29 See Grandjean et al. (1999, p. 302), and National Research Council (2000, p. 132). 
30 See Salonen et al. (1995). 
31 Salonen et al. derive this estimate in a model that controls for age, ischemic exercise ECG, family history 
of CHD, cigarette-years, mean systolic blood pressure, socioeconomic status and place of residence (urban 
vs. rural), among other factors (1995, Table 4). 
32 See Salonen et al. (1995, Table 4). 
33 Some of these concerns first appeared in a review commissioned by the NRC. See Rosamonde and Poole 
(undated).   
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something peculiar to the population.
34 Second, the study did not show that relative risk 
increases systematically with exposure, as should be the case for most biologically 
plausible dose-response relationships.
35 Indeed, the paper’s conclusions are contrary to 
those of a separate study. An epidemiological study comparing nearly 1,351 people 
exposed during the infamous 1950s Minamata episode with a reference population of 
5,700 found no excess risk of overall mortality or of noncancer deaths, even though 
exposure was vastly greater than among Finnish men.
36  
The Finnish study is unique among epidemiological studies of low-level exposure 
to mercury in that it did not assess whether mercury in hair was predominantly MeHg or 
some inorganic form. Without this assessment, it is difficult to infer that mercury from 
fish, nearly all of which is in the form of MeHg, caused the increased risk of heart attack 
and death because mercury from other sources may have played a significant role. 
Indeed, some aspects of Salonen’s data suggest that other sources may be present. 
Salonen and colleagues report hair levels of mercury 260 percent higher than reported by 
Stern for New Jersey women (1.9 ppm vs. 0.53 ppm), but levels of mercury in the diet 
only 20 percent greater (7.6 mg/d vs. 6.3 mg/d).
37 In addition, fish intake among the 
Finnish men correlates only weakly with mercury in hair (0.27),
38 so that some of the 
variation in mercury levels in hair may be due to factors other than fish consumption.  
Finally, the Finnish analysis did not control for selenium, although the authors 
note that a relationship between selenium deficiencies and excess risk of acute 
myocardial infarction and death was previously found in Eastern Finland.
39 Given these 
                                                        
34 See, however, Guallar et al. (1999) for interim results from an international case-control study that 
appears to support the findings of Salonen et al. See also Sorensen et al. (1999) for a reported association 
between mercury in maternal hair and blood pressure in 7 year-old children. Sorensen, however, does not 
address the clinical significance and permanence of this effect, or the nature of the relationship at relatively 
low doses, (e.g., 1 ppm to 5 ppm). Finally, see Salonen et al. (2000) for a reported association between 
mercury accumulation and accelerated progression of carotid atherosclerosis among Finnish men. Although 
Salonen et al. (2000) report statistically significant associations between mercury hair content and 
atherosclerosis, they fail to assess the proportion of mercury that is MeHg, and so attributable to fish 
consumption.  
35 This condition was one of Sir Bradford Hill’s criteria for inferring that epidemiological associations are 
causal. See Rosamond and Poole (undated).  
36 See Kinjo (1996).  
37 See Stern, Korn, and Ruppel (1996), and Stern, Burger, Gochfeld and Weisel (2001). Note that these are 
two different surveys of New Jersey women.  
38 See Salonen et al. (1995, Table 2). 
39 See Salonen et al. (1995, p. 646).  
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reasons for skepticism, we find it unlikely that the Finnish results reflect a genuine causal 
effect of MeHg on heart attack risk and we do not estimate these population risks.  
 
6. Effects of Cuts in Mercury Emissions from U.S. Utilities on Human Exposure 
Eliminating mercury emissions from U.S. utilities is likely to lower exposure to 
mercury among U.S. residents only slightly because, as shown in figure 1, other factors 
affect mercury in the U.S. food supply.  
First, only some U.S. anthropogenic emissions are from utilities. Using EPA data, 
we estimate in the appendix that about half of U.S. emissions in 2006 will come from 
other sources.  
Second, only some mercury deposition in the United States is from U.S. 
anthropogenic sources. EPA estimated that about three-fifths of mercury deposited in the 
United States in 1994-1995 was emitted from U.S. anthropogenic sources,
40 the rest 
having global or nonanthropogenic sources. Updating that estimate to reflect emissions 
decreases from recent EPA regulations, we find that 44 percent of mercury deposition in 
the United States in 2006 will come from U.S. anthropogenic sources.
41 Thus, the 
elimination of utilities’ mercury emissions will result in about a 21 percent cut in 
deposition in the U.S.  
Third, despite important new research about how mercury enters the food chain,
42 
there is no accepted quantitative estimate of the relationship between mercury deposition 
and mercury concentrations in fish. EPA has found only a “plausible link” between the 
two.
43 To our knowledge there is no quantification of such a link even for particular types 
of lakes. Moreover, available statistical evidence does not show a positive association 
between mercury concentrations in fish and mercury deposition. In a recent statistical 
analysis of geographic variations in mercury contamination in fish, Knuffman and Lutter 
were able to explain approximately two-thirds of the variation in contamination using 
                                                        
40 See U.S. Environmental Protection Agency (1997, Vol. 1, p. 3-14). This estimate is for a year that 
combines 1994-95 emissions inventories with 1989 weather patterns.  
41 See appendix. 
42 See e.g., Sorensen et al. (1990) for an early and influential article, Mason et al. (1996) and U.S. 
Environmental Protection Agency (1997) for a summary. 
43 See U.S. Environmental Protection Agency (1997, Vol. I, p. 0-2). See also Fitzgerald et al. (1997).  
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measures of stream chemistry, land use, and local point sources, but found no association 
between mercury deposition and fish contamination.
44  
Finally, deposition in the United States affects only a proportion of fish consumed 
by U.S. residents. Mercury levels in marine fish from distant waters and in farmed fish 
that eat commercial feed are not sensitive to changes in U.S. emissions. Even mercury 
levels in seafood caught near the United States may be relatively insensitive to local 
deposition, because of the complexity and geographic extent of marine food chains. Some 
evidence suggests that most exposure to mercury, even among populations with high fish 
intake, comes from consumption of seafood caught in offshore waters where reductions 
in U.S. mercury emissions will have negligible impact.
45 In New Jersey, only 4 to 5 
percent of all fish meals consist of fish obtained non-commercially, and only about 13 
percent of these consist of freshwater fish.
46 The two most commonly consumed 
fish/seafood meals were tuna and shrimp, which together account for a third of seafood 
consumption: no other category accounted for more than 12 percent.
47 Yet these fish are 
predominantly from waters unaffected by U.S. emissions. More than 97 percent of all 
tuna marketed in the United States is caught on the high seas or imported from other 
countries, and only about three percent of all shrimp marketed in the United States is 
caught within 200 miles of the Atlantic states that are downwind from utilities.
48 
Unfortunately, determining the part of exposure among highly exposed individuals that is 
sensitive to U.S. deposition is largely subjective, because there is no assessment of how 
much of such exposure comes from different types of fish. 
How will changes in U.S. utility mercury emissions affect exposure among U.S. 
residents who are highly exposed to mercury? A 21 percent reduction in exposure is an 
upper-bound estimate, since eliminating U.S. power plant emissions will reduce 
deposition in the United States by about 21 percent. This estimate assumes that all of the 
highly exposed women eat only wild-caught fish and that such fish have mercury levels 
                                                        
44 See Knuffman and Lutter (2000). 
45 See U.S. Environmental Protection Agency (1997, Vol. IV, p. 4-37). 
46 See Stern, Korn and Ruppel, (1996, p. 505).  
47 See Stern, Korn and Ruppel, (1996, p. 510). They indicate that mercury concentrations are 0.17 ppm for 
tuna, and 0.11 ppm for shrimp. See also U.S. Food and Drug Administration (1995). 
48 See U.S. National Marine Fisheries Service (2000). We calculate this percentage as the total catch within 




that vary proportionally with changes in deposition. Moreover, it ignores likely delays in 
the response of ecosystems to changes in emissions. A more plausible, though subjective, 
assumption might be that a quarter of exposure among highly exposed pregnant women is 
from fish sensitive to U.S. emissions and that mercury levels in such fish are proportional 
to changes in deposition. In this case eliminating mercury emissions from power plants 
might cut exposure among such women by about 5 percent (0.05 = 0.21 x 0.25). 
 The number of U.S. children who would experience reductions in exposure as a 
result of cuts in utility emissions is approximately proportional to the assumed effect of 
emissions cuts on exposure.
49 Thus, if eliminating utilities’ emissions lowers exposure by 
only five percent, the number of children in the low exposure category who would 
experience a decline in exposure from 1.5 ppm to 1 ppm would be approximately five 
percent of the number presented in table 4, or between 5,000 and 6,000. In total the 
number of U.S. children experiencing neurological deficiencies would in this case be 
between 7,000 and 9,000. Of course these estimates are subject to substantial uncertainty.  
 
7. Conclusions 
The available evidence suggests that on the order of 10,000 children are likely to 
experience subtle and hard-to-discern improvements in neurological performance from 
eliminating mercury emissions. New research on carefully selected questions would 
greatly enhance understanding of the effects of environmental mercury. EPA or the 
National Science Foundation should finance research into the effect of lower mercury 
depositions on mercury contamination in fish. In addition, as recommended by the Center 
for Food Safety and Applied Nutrition
50, it would be valuable to have more research on 
the extent of very high exposures in the United States, especially the share of such 
exposures attributable to consumption of wild-caught freshwater fish, since mercury 
levels in such fish are most likely to be sensitive to mercury deposition. Finally, more 
research should address effects of MeHg exposure on cardiovascular health.  
                                                        
49 We test this assertion by shifting the distribution of mercury in hair by only 5 percent of the difference 
attributable to stopping fish consumption and find reductions in exposure that are quite consistent with this 
statement.  




Estimates Of Mercury In Hair Of U.S. Mothers 
 Variables   Survey Data 
Original Survey   NHANES 1999
51  Stern at al. (2000) 
New Jersey pregnant 
women 
Pellizari (1999)  
Adults 
Smith et al. (1997) 




Not reported   Not Available  56  72 
Sampling Date  1999  1995 to 1997  1995 to 1997  1981 
Mercury 
Sampled? 
Total and inorganic  Total Mercury   Total Mercury  MeHg 




Random among civilian 
noninstitutionalized 
population  
Patients at obstetrics 
practices in areas of 
New Jersey likely to be 
representative of 
geography and income 
Random among 
adult residents of 
Great Lakes States 





Geometric mean of 
0.36 among fish 
consumers 





th percentile is .2   Arithmetic mean of 
0.53  
 








52  3,900,000 
Population 
exposed between 
1 to 2 ppm 
380,000  195,000
53 
(exposed > 1ppm) 
220,000
54  120,000 
Population 
exposed between 
2 to 4 ppm 
58,000  Not Available  56,000  25,000 
Population 
exposed > 4 ppm 
Not available, though 
exposure greater than 
1.4 ppm (confidence 
interval from 0.9 to 1.7) 
is 390,000  
 
66,000  Not Available  9,000  4,000 
 
Note: We derive the estimates for the Stern et al. paper by applying the race-weighted distribution of hair 
samples available in their table 5 to the U.S. population. For the Pellizzari study, we present only the 
estimated population with hair concentrations above 1 ppm, since we have inadequate information to make 
extrapolations to higher concentrations. For the Smith study we use the author’s geometric mean and 
geometric standard deviation to estimate the numbers of people exposed at high levels 
The total mercury levels assessed by Pellizari represent both elemental mercury and MeHg. 
Pellizari reports “Approximately 80 percent of the mercury present in the strand [of hair] is MeHg.”
55 
Smith reported concentrations of MeHg only.  
                                                        
51 See Center for Food Safety and Applied Nutrition et al. (2001). 
52 U.S Department of Commerce (2000, Table 91). 
53 This is five percent of total births.  
54 These estimates depend on a rate of fish consumption of 55 percent, as implied by Smith et al. (1997, 
Table 1).  









Exposure Categories  
 
Level Of Exposure   1 ppm to 2 ppm  2 ppm to 4 ppm  > 4 ppm 
Average Exposure Within Exposure 
Category   1.5 ppm  2.8 ppm  5.4 ppm 
Low  High  Low  High  Low  High  Children Potentially Not Exposed 
 By Exposure Level  100,000  124,000  24,000  31,000  6,000  31,000 
Finger Tapping
1  3.9  9.9  16 
Hand Eye Coordination
1  3.2  8.1  13 
Reaction Time
1  5.3  14  22 
Boston Naming Test
1  4.1  11  17 
Long-Delay Recall of 12 Words
1  3.2  8.4  14 
McCarthy’s Perceptual Performance 
Scale (when one child is excluded)
2  1.6  5.8  14 
 
Note: The declines in test scores are expressed as a percent of a standard deviation. Note 
that these declines are all of those attributable to any mercury in fish.  
 
1 We calculate these estimates from Grandjean et al. (1997) and Grandjean et al. (1999). 





Schematic Overview of Sources of Mercury that Contribute  
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The relationships sketched in figure 1 provide a framework for estimating the 
effectiveness of cuts in mercury emissions from electrical generating plants on exposure 
to mercury in the U.S. population.  
Human Exposure: Exposure to MeHg among consumers who are highly 
exposed, (e.g., who have MeHg concentrations in hair greater than 1 ppm) can be defined 
as E, the sum (among all such individuals) of the sum of exposure from fish and seafood 
from foreign waters, from U.S. fish farms and from U.S. domestic sources. Note that 
exposure from a single fish is the product of the concentration of mercury in the fish and 
the amount of fish consumed. We assume that between 10 and 50 percent of E is from 
U.S. domestic sources and that the rest is from locations such as fish farms or distant 
waters where mercury emissions from the U.S. does not affect concentration.  
Concentration in Fish: The concentration of mercury in the tissue of edible fish 
depends primarily on concentrations of mercury at lower levels in the food chain. These 
in turn depend on mercury deposition, mercury otherwise present, and methylation of 
mercury by certain bacteria present in the soil, water and sediment. We assume in our 
base case that mercury concentrations in fish caught in U.S. waters, C, are proportional to 
deposition. This is a simplifying and very generous assumption; EPA has concluded only 
that there is a “plausible link” between deposition and fish tissue concentrations.
56  
Deposition and Emissions: Mercury deposition in the U.S., D, can be thought of 
as the sum of mercury deposition from foreign sources, from U.S. non-utility sources and 
from U.S. utility sources. Thus D = Df + Dn + Du. 
We derive our estimates of U.S. mercury deposition as follows.
57 Here we use 
U.S. to mean the contiguous 48 states covered by EPA’s model of mercury emissions and 
deposition (RELMAP). We assume that total mercury deposition in the U.S. from all 
foreign sources, Df, is the same in 2006 as in 1994-1995 (32 tons).
58 This assumption is 
likely to be conservative because mercury levels in the global inventory are expected to 
increase somewhat over the next decades. For total mercury deposition in the U.S. from 
                                                        
56 See U.S. Environmental Protection Agency (2000, Section II). For background information, see also 
Fitzgerald et al. (1997). 
 
57 We are indebted to Dr. Russell Bullock of EPA for help with this appendix.  
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all anthropogenic U.S. sources we begin with the 2006 emissions forecasts presented by 
EPA in 1999.
59 Five source categories (area sources, residential boilers, sewage sludge 
combustion, and ‘other’ combustion sources) are not included in EPA’s forecasts.
60 For 
those values we simply assume that estimates EPA developed for 1994/1995 are 
applicable to 2006; Davis (1998) made the same assumption. The combined total for 
these estimates, 95 tons per year, includes an unspecified amount of emissions from 
Alaska and Hawaii. To derive an emissions estimate compatible with the RELMAP 
domain we subtract from the total 9.5 tons or ten percent, an amount that corresponds to 
the percentage of national emissions from Alaska and Hawaii in 1994-95.
61 In addition 
we subtract 11 tons, to account for emissions reduction efforts to meet EPA’s 1997 
national ambient air quality standards.
62 Thus, we estimate that U.S. emissions (from the 
48 states) in 2006 would be 75 tons per year.  
To calculate the part of U.S. emissions deposited within the U.S., Dn + Du, we 
assume that the percentage of U.S. anthropogenic mercury emissions deposited within the 
U.S. remains constant from 1994-95 to 2006. In 1994-95, U.S. anthropogenic emissions 
deposited in the U.S were about 33 percent of total U.S. anthropogenic emissions, while 
66 percent was deposited elsewhere.
63 Total U.S. anthropogenic emissions deposited in 
the U.S., Dn + Du, are 25 tons per year, (0.33 x 75 tons = 25 tons). Thus, we estimate that, 
in 2006, U.S. deposition derived from U.S. anthropogenic emissions as a fraction of total 
deposition, (Dn + Du)/D, will be 44 percent.  
To estimate Du, we turn to data from U.S. Environmental Protection Agency and 
Environment Canada (1999). In 2006, they estimate that U.S. utility emissions will 
represent only about 48 percent of total U.S. anthropogenic emissions. Assuming that 
mercury emitted from utilities is deposited the same way as other anthropogenic 
emissions, Dn » Du »12.5 tons per year.  
Summary: Thus, the elimination of mercury emissions from U.S. utilities would 
reduce deposition in the U.S. from about 58 tons per year, D, to 45 tons per year, Df + Dn 
                                                                                                                                                                     
58 See U.S. Environmental Protection Agency (1997, Vol. I, pp. 3-14). 
59 See U.S. Environmental Protection Agency and Environment Canada (1999, Table 14). 
60 Commercial emissions are not included in the forecasts, but this is because they have dropped below the 
2 tons per year cutoff for inclusion in the table. 
61 See U.S. Environmental Protection Agency (1997, Vol. I p. 3-13 and Vol. II p. ES-4). 
62 See U.S. Environmental Protection Agency (1997, Vol. VIII, p. ES-1).  
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(a 21 percent reduction). We further assume that a reduction in deposition would lower 
contamination in U.S. fish by the same percentage, and reduce E by about 5 percent (0.05 
= 0.21 x 0.25), provided that 25 percent of exposure is from fish whose mercury levels 
vary with changes in deposition in the 48 states.  
We note that this measure of the effectiveness of emissions cuts in reducing 
exposure, E, is proportional to the assumed percent of exposure from fish whose mercury 
levels vary with deposition in the 48 states, with a maximum effectiveness of 21 percent. 
 
                                                                                                                                                                     
63 We calculate 0.66 as 93.8/141.8; see U.S. Environmental Protection Agency (1997 Vol. I, p. 3-13). 